ABSTRACT: Juvenile cod Gadus morhua exposed to the dinoflagellate Gymnodinium galatheanum Braarud died within 2 d; before death the fish became lethargic and affected fish showed increased plasma osmolality. Severe histopathological changes were found in the gill tissue, with extensive separation of the respiratory epithelium from the underlying pillar cells. Though no recent blooms have been recorded, G. galatheanum should be considered as a potentially harmful bloom-forming alga in temperate waters.
INTRODUCTION
The dinoflagellate Gymnodinium galatheanum Braarud was first described occurring in a bloom in 1950 in Walvis Bay, Southwest Africa (Braarud 1957) . Observations from this bloom indicated that the alga was ichthyotoxic (Steemann Nielsen 1953) . No other blooms of this alga have been recorded in the literature, but it is occasionally found in the North Sea region as an accompanying species in blooms of the toxic dinoflagellate Gyrodinium aureolum (Larsen & Moestrup 1989) . Gymnodinium galatheanum in culture has been shown to be toxic to mussels (Nielsen & Strnmgren 1991) . G. galatheanum grows over a wide temperature (10 to 24 "C) and salinity range (9 to 34 %O S), with maximum growth rate occurring around 21 "C and 23 %O S. Since growth rates of more than 50 % of the maximum occur above 9 "C (24 %O S) (Nielsen unpubl.), G. galatheanum should be considered as a potentially harmful bloom-forming alga in European waters. The present study is an investigation of how G. galatheanum in culture affects the behaviour, blood plasma osmolality and gill histology of juvenile cod.
MATERIAL AND METHODS
The Gymnodinium galatheanum culture used in this study was isolated from Oslofjord in 1976 by Karl Tangen. The algae were grown in 100 1 translucent polyethylene containers of filtered seawater (cartridge filter with a pore size about 0.1 pm), enriched to give the f/2 medium (Guillard & Ryther 1962); the temperature was 15 "C, and the salinity was 34 %a Light was supplied from the side of the containers by banks of fluorescent tubes (Phillips TL 40W/55 de luxe). Irradiance (QSL-100 photometer, Biospherical Instruments, Inc.) was about 100 pm01 m-2 S-' in the middle of the growth containers. Daylength was 18 h. The cultures used for exposure experiments were in the late exponential phase of growth. The cell density was determined by counting the algal cells in a Nageotte slide. Before exposure, dissolved inorganic phosphorus was measured in the culture medium (Koroleff 1976) and the pH of the culture was adjusted with IN HC1 to between 7.8 and 8.2.
One-to two-year-old cod Gadus morhua (length range: 20 to 24 cm, weight range: 100 to 130 g) in
RESULTS
groups of 5 were exposed to 70 1 
indophenol method according to Norwegian Standard NS 4746 (Anonymous 1975) . The tains relatively more phosphorus to nitrogen than does oxygen tension was measured frequently during the the f/2 medium: atomic N/P ratio in f/2 medium = 24; day with a n oximeter (WTW Oxi 191) .
N/P ratio in G. galatheanum cells = 7 to 10; K. Hegge Exposure time was 2 d for the control group fish. For unpubl.). the experimental group fish, exposure time was less Upon exposure, the fish in the experimental group than 2 d because fish were sampled for analysis when appeared to stay close to the surface, often with their dead (first experiment) or dying (second experiment).
heads out of the water. This behaviour was different Both groups were observed at 3 to 6 h intervals. Two from that of the control group where the fish distribindependent experiments were performed. uted themselves more uniformly in the experimental Changes in behaviour, blood plasma osmolality, container. mortality and in the second experiment also changes in
In the first experiment, all the fish in the group gill histology were studied to determine the effects the exposed to Gymnodinium galatheanum died within algae had on the fish. Blood samples were drawn by the first 2 d of exposure. When the behaviour of the heart puncture into heparinized syringes, the plasma fish became abnormal (no swimming activity), they isolated by centrifugation (10000 X g, 5 min) and its showed no muscular activity when lifted out of the osmolality was determined with a Knauer osmometer water. At this stage of lethargy death occurred within using 50 p1 samples. Gill arches were fixed in phos-2 h. Blood samples were drawn from the dead fish. phate-buffered formaldehyde and the gill filaments Dead fish had distended gills and their mouths were prepared for microscopy by standard histological techwide open; in one case mucus was found on the gills of niques (haematoxylin-eosin staining). a dead fish. In the second experiment, blood and gill Preliminary experiments showed that 1-to 2-yr-old samples were taken from fish at the stage of lethargy cod can be kept in 70 l batches of seawater, f/2 medium described above. Since there was no significant differor cultures of a non-toxic alga (Isochrysis galbana, ence in blood plasma osmolality between dead and 280 X 106 cells 1-l) up to 4 d with no effects on the lethargic fish, the data sets have been combined (Table  behaviour or on the plasma osmolality (range: 321 to 1). Blood samples from lethargic fish or fish just dead 338 mOsm).
had a significantly higher mean plasma osmolality (p < 0.001) than did blood samples from the control group (Table 1) . The fish in the control group had normal blood plasma osmolality after 2 d of exposure. Histological examination of formaldehyde-fixed gill filaments from 5 fish at the stage of lethargy described above, after exposure to Gymnodinium galatheanum for less than 2 d , showed extensive separation of the respiratory epithelium from the underlying pillar cells (Fig. 1) . At some locations the changes were greatest at the bases of the secondary lamellae, while at other lo-
DISCUSSION
cations the largest changes were found more distally lar effect on the plasma chloride has been found when on the secondary lamellae. In the control group (3 fish), exposing Atlantic salmon Salmo salar and rainbow only locally moderate hypertrophic and hyperplastic trout Oncorhynchus mykiss to the toxic alga changes appeared (Fig. l ) .
Chrysochromulina polylepis (Leivestad & Serigstad During the experiment the pH remained between 1988). The toxins from C. polylepisprobably increased 7.5 and 8.1 and the oxygen tension was close to saturathe permeability of the fish gill (Leivestad & Serigstad tion. 1988 ). The observations of the gill histopathology in the current study may result from increased permeability causing oedema which again could explain the separation of the respiratory epithelium.
In aquaculture, knowledge of the threshold for efSince the observations from the Danish Galathea fects of toxic algae in terms of algal cell density (critical Expedition in 1950 (Steemann Nielsen 1953 , no other concentrations) would be very useful to guide the descientific reports have been published on the ichthyovelopment of measures to cope with blooms of toxic toxic effects of the dinoflagellate Gymnodinium galaalgae. Recent results have shown, however, that the theanurn. Toxic effects, however, have been shown for toxin production of algae may not be constant, but varmussels (Mytilus edulis), where 24 h exposure to culies with the growth conditions of the algae (Boyer et al. twes of G. galatheanum gave significant decreases in 1987, Edvardsen et al. 1990 ). The variability in toxin shell-length growth (Nielsen & Str~mgren 1991). For production implies that it is impossible to determine mussels, significant toxic effects were found at cell the threshold for effects of toxic algae in terms of algal densities above ca 120 X 106 cells 1-l. In this expericell densities. ment with juvenile cod a significant toxic effect was found at 'l5 X '-lf the density
